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Introduction

After large-scale averaging, universe is homogeneous and isotropic, but
averaging inhomogeneities changes physics, giving effective fluids.
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Small non-zero vacuum energy difficult to justify from quantum field
theory.

Using Green & Wald (2011) scheme, back-reaction in Einstein gravity is
radiation-like.

Starobinsky R*term motivated by quantum gravity and inflation.
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f(R) equivalent to scalar-tensor theory, which is easier to work with.
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Inhomogeneity Scheme
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Effective Stress-energy tensors

Stress-energy tensor

can be split into ELOJ = t(o) — ZQ(O) t0) 4 = 4 (O)t( )
traceless & pure trace N v DN ,
parts. traceless pure trace

1 1 Einstein case Is traceless,
kth = ——hQﬁR( ) weak-energy satisfying, gauge
v I 2 Myaﬁ _ _ gy _ ying, gaug
wea Invariant, radiation only.

1)2 . .
t(o) - R( ) Starobinsky case has a negative pure
R weak  6M?2 trace part, correct sign for dark energy.

Scalar-tensor
93309,&?,;) = iy ) + o HftE(O) — 5 (O)V(O) description is

——_— Mmore intuitive.

traceless pure trace



Interpretation

Jordan-frame scalar-tensor potential 3M? 9
relating to Starobinsky gravity: V(qb) = 5 ((;5 — 1)
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[ \ | ; Oscillation is coupled to
. [ average potential | / matter and gravitational
[ } / errective vacuum waves, so forcing and
R - damping effects can occur.
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Scalar field value

Largest effect from perturbation length approaching the length scale of
the theory, which, in inflation case, is close to GUT scale.

Effective scale factor dependence depends on the physics behind the
Inhomogeneity. Might address the “why now?” problem.



I

It is difficult to justify a small positive cosmological constant
from quantum field theory.

If we suppose the contribution from vacuum energy is zero, we -~ -
have to account for dark energy some other way. :

Backreaction from inhomogeneities can imitate effective fluids.

In Einstein gravity, the effective fluid is radiation-like.

With an extra scalar mode, a pure trace component with the
correct sign and order to explain dark energy appears.

The most significant perturbation length depends on the A
parameters of the scalar potential and the dependence on 4
scale factor depends on the source of inhomogeneity. '-
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